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Psychosocial functioning is defined as the person's ability to perform activities of daily living (such as handling household roles, working or studying and leisure time) and ability to be involved in meaningful interpersonal relationships, also including the capacity for engaging in romantic life (1, 2) . Research over the past decades has widely reported that in a significant proportion of patients suffering from bipolar disorder (BD), difficulties in several areas of psychosocial functioning often persist during euthymia. MacQueen reported that around 30-60% of patients with BD failed to regain full functioning in occupational and social domains after remission of an acute episode (2) . Difficulties in maintaining established relationships, occupational difficulties and, consequently, a reduced quality of life have been reported among individuals with BD (3). Indeed, BD is considered the fifth leading cause among psychiatric illnesses of lost years of work, therefore representing a major public health problem (4, 5) .
Several clinical factors such as number of episodes, number of hospitalizations, current symptomatology (especially depressive), history of psychosis and psychiatric comorbidity (6, 7) have been suggested to influence psychosocial impairment. Various neurocognitive functions have also been strongly linked to daily functioning. However, there is a lack of consensus about which may be the best predictor of functional impairment (8, 9) . Both longitudinal and cross-sectional studies point out that neurocognitive deficits can remain over the course of the disorder even during remission periods, limiting the performance of daily-life routines. Recent cluster analysis approaches have highlighted a large heterogeneity among patients with BD, showing different neuropsychological profiles (10) (11) (12) (13) (14) (15) . As far as we know, there is only one study published by some authors of our research team aimed to classify another sample of euthymic patients with BD on the basis of their functional outcome using latent class analysis with different measures including disability, quality of life and occupational status (16) . Two profiles were identified, corresponding to patients with good and poor outcome respectively; illness severity and neurocognitive function played a predictive role. There was another attempt to find patterns of psychosocial functioning and quality of life among patients with BD using a latent profile analysis, but the sample included both bipolar and unipolar mood disorders (17) .
Understanding to what extent the specific domains of psychosocial functioning are impaired in patients and evaluating if subjects can be categorized into different profiles may be useful for the development of tailored interventions focused on functional restoration. In addition, a better knowledge of the wide range of factors associated with psychosocial outcome is also crucial to care planning optimization.
Functional recovery is equally as important as syndromal recovery as one of the main goals of patients and relatives is to fulfil role expectations at work/school, home, and to have quality interpersonal relationships (18) .
Aims of the study
This study was conducted to identify whether there were different groups of euthymic patients with bipolar disorder who shared similar functional patterns based on the distinct domains of the Functioning Assessment Short Test (FAST) (19) by means of a cluster analysis, an exploratory data analysis tool. Second, we evaluated whether participants with different profiles differed on sociodemographic, clinical and neuropsychological variables. In line with previous literature, we hypothesized that patients with a worse functional profile will be characterized by a poorer clinical course and will exhibit more cognitive deficits.
Material and methods

Participants
A total of 143 euthymic patients with BD were recruited from the Bipolar Disorders Program at the Hospital Cl ınic of Barcelona (20) . The inclusion criteria were as follows: i) diagnosis of BD-I or BD-II according to DSM-IV-TR criteria; ii) age between 18 and 65 years; iii) euthymia for at least 3 months before the study enrolment defined as a score ≤8 on the Hamilton Depression Rating Scale (HDRS) (21, 22) and of ≤6 on the Young Mania Rating Scale (YMRS) (23, 24) . Exclusion criteria were as follows: i) estimated intelligence quotient (IQ) lower than 85; ii) any medical or comorbid psychiatric condition affecting neuropsychological performance; and iii) electroconvulsive therapy within the past year. All patients received pharmacological treatment by their psychiatrists according to the program's protocol in a naturalistic manner. No restrictions were made regarding pharmacological treatment, including the use of benzodiazepines, to capture a sample representative of patients seen in clinical practice.
A total of 60 healthy controls (HC) without evidence of psychiatric or neurological history were recruited from a pool of volunteers. This study was conducted in accordance with the ethical principles of the Declaration of Helsinki and Good Clinical Practice and approved by the Hospital Clinic Ethics and Research Board. All participants provided written informed consent prior to their inclusion in the study.
Assessment
All relevant sociodemographic and clinical data were gathered through a clinical interview based on the Structured Clinical Interview for DSM-IV (SCID) (25) . The collected data were as follows: age, gender, marital status, educational level, employment status, type of BD, number and type of episodes, type of first episode, predominant polarity, age at onset, number of hospitalizations, chronicity (years of illness), history of prior suicide attempts and number of attempts, lifetime history of psychotic symptoms, axis I and II comorbidity, family history of affective or psychiatric disorders and pharmacological treatment.
Severity of depressive and manic symptoms at the time of the assessment was evaluated using the HDRS and the YMRS respectively. The overall functional outcome was assessed by means of the FAST, an interviewer-administered instrument widely used in patients with BD (26, 27) . This valid and reliable scale (19) was specifically designed to explore the main functional difficulties presented by psychiatric patients and encompasses 24 items to evaluate six functional domains: i) Autonomy refers to the patient's capacity to do things alone and make his/her own decisions. ii) Occupational functioning refers to the capacity to maintain employment, efficiency of performing tasks at work, working in the field in which the patient was educated, and earning according to the level of the employment position. iii) Cognitive functioning is related to the ability to concentrate, perform simple mental calculations, problem solve, learn and the ability to recall new information. iv) Financial issues involve the capacity of managing finances and spending in a balanced manner. v) Interpersonal relationships refer to relationships with friends, family, involvement in social activities, sexual relationships and the ability to defend one's own interests. vi) Leisure time refers to the capability of performing physical activities (sport or exercise) and maintaining hobbies.
Items are rated using a four-point scale where 0 indicates no difficulty, 1 is mild difficulty, 2 indicates moderate difficulty, and 3 a severe difficulty. The FAST scores range from 0 to 72, where the higher scores indicate poorer functioning, that is, greater disability. 
Statistical analysis
All analyses were performed with the IBM Statistical Package for Social Sciences version 23. Initial analyses were conducted to compare sociodemographic and clinical characteristics between patients with BD and HC using t-tests for continuous variables and v 2 tests for categorical variables. Patients' raw scores on functional domains and FAST total score were standardized to z-scale scores based on the HCs' performance. Higher FAST scores indicate poorer performance; therefore, the Z-scores were reversed. Scores were truncated to z = À4.0 as the examination of performance in various FAST domains revealed extreme scores (more than four standard deviations -SD -below the mean). Then, a hierarchical cluster analysis was carried out to identify homogeneous subgroups of patients with a similar functional profile based on their FAST domains scores. Similarity between cases was computed with the euclidian distance, and the Ward linkage was selected as the agglomeration procedure. As all variables were standardized (with a mean of 0 and SD of 1), no prestandardization was needed. Next, the dendrogram was visually inspected to establish the appropriate number of clusters to be retained. In addition, a discriminant function analysis (DFA) was also conducted to test the validity of the clusters. The functional profiles of the resulting groups of patients were compared using a oneway ANOVA, with group membership (clusters) as a fixed factor and the six functional domains as dependent variables. Further, Tukey post hoc comparisons were carried out to identify pairwise differences between groups when significant main effects were present. Comparisons (one-way ANOVA and v 2 applied as appropriate) between the three clusters were carried out to examine possible differences in sociodemographic, clinical, pharmacological and neuropsychological variables. Subsequently, a multivariate analysis of covariance (MANCOVA) was conducted with those statistically significant cognitive variables, introducing some relevant clinical and sociodemographic variables as covariates to control for their potential confounding effect (age and HDRS scores). Finally, Pearson partial correlations were conducted to examine possible associations between each FAST domains' scores and cognitive variables within each functional cluster, controlling for HDRS scores which is a variable reported in previous studies influencing cognition and functioning. Pearson correlations were also run between each FAST domains scores and some relevant clinical variables. All P-values were two-tailed, and statistical significance was set at P < 0.05. Our study was an exploratory analysis with a descriptive purpose; therefore, no statistical procedure was used to control for multiple comparison on cognitive measures. Bonferroni method would be highly conservative and might miss real differences, increasing the risk of running type II error. Nevertheless, correction was made through MANCOVA, controlling for relevant covariates.
Results
Comparison between patients with BD and HC Table 1 shows baseline characteristics of the study sample. There were no differences between patients (n = 143) and healthy subjects (n = 60) in terms of age, gender, educational level and estimated IQ. Regarding other clinical and demographic variables, comparisons between both groups revealed statistically significant differences in global functional outcome [BD FAST total score = 18.87 Table 1 ).
Functional clusters description
Visual inspection of the dendrogram provided evidence for three functional clusters for the 143 patients with BD. The first cluster included 34 subjects (23.8%) that showed a low functioning (LF), the second one with 65 patients (45.5%) showed an intermediate functional outcome (MF) and 44 for the third one (30.8%) with a good functioning (GF). The DFA also confirmed the validity of the three clusters with the presence of two discriminant functions explaining 92.5% and 7.5% of the variance respectively (Wilks' k = 0.154, v 2 = 258.745, P < 0.001; Wilks' k = 0.758, v 2 = 38.372, P < 0.001). Approximately 89% of subjects were correctly classified into the DFA which indicates that the three groups were adequately differentiated. The autonomy and occupational domains showed the highest standardized coefficients (0.856 and 0.861 respectively) being the two domains with a higher contribution to assign patients into each cluster.
As shown in Table 2 and Fig. 1 , patients in the first group (LF) had a low global functioning, with the exception of the leisure domain in which LF showed good functioning, even significantly better than the GF group. The LF group showed moderate to severe difficulties in autonomy, occupational functioning, cognition and interpersonal relationships, and mild difficulties in financial issues. The second cluster had an intermediate functional outcome (MF), with selective impairments, such as significant difficulties in the occupational domain and mild difficulties in autonomy, cognition and interpersonal relationships, but good functioning in financial issues and leisure time. Finally, the third cluster exhibited a good functional outcome (GF) in all the measured functional areas.
Comparisons between the three functional profiles on sociodemographic, clinical and neuropsychological variables
As shown in Table 3 , concerning sociodemographic variables, the ANOVA showed differences among the three groups with regard to age (P = 0.013) and the employment status (P < 0.001). Specifically, the pairwise comparisons indicated that patients in the MF group were older than the group with a higher functioning (GF). The latter showed, in comparison with the other two groups, the smallest percentage (12.2%) of unemployed patients. There were no differences among the three clusters in gender, educational level, estimated IQ and marital status.
Considering clinical variables, significant differences only emerged among groups in residual symptomatology at the time of the assessment (HDRS P < 0.001 and YMRS P = 0.019) and age at onset (P = 0.043). Concerning the depressive symptomatology, we observed a gradual increase of subthreshold symptomatology from the GF group to the LF group. Regarding manic symptomatology, both the LF and MF groups showed more residual symptoms than the GF group. However, pairwise comparisons did not indicate significant differences between the three groups concerning age at onset. No significant differences were found for the rest of clinical variables.
When the distribution of pharmacological treatment was analysed, no differences were detected among the three clusters concerning types of medications (lithium, other anticonvulsants, antipsychotics, antidepressants or anxiolytics).
Regarding neurocognitive performance, when ANOVA was performed groups significantly differed in processing speed index (P = 0.003), TMT-A (P < 0.001) and TMT-B (P = 0.003), animal naming (P = 0.018) and CPT-II omission errors (P = 0.036) (see Table 4 ). Specifically, pairwise comparisons indicated that patients belonging to the LF group had lower scores on processing speed and executive functioning (TMT-B) than the GF group. In verbal fluency, the MF group showed poorer performance than the GF group. Pairwise comparisons did not reveal significant differences among groups regarding attention (omission errors CPT-II). The ANOVA also displayed trends to significance in perseverative responses WCST (P = 0.050) and on the WMS-III logical memory immediate recall (P = 0.053). No differences concerning the remaining variables were observed.
Results of a subsequent one-way MANCOVA F(10, 232) = 2.543, P = 0.006; Pillai's = 0.198) for controlling for the potential influence of HDRS scores and age on neuropsychological performance showed that only differences reaching statistical significance remained on processing speed index (P = 0.002) and TMT-A (P = 0.010) and a trend to significance in TMT-B (P = 0.051). YMRS scores were not introduced in the model as this variable was not correlated with any cognitive measure.
Associations between FAST domains and neurocognitive and clinical variables within each functional cluster
Results from the Pearson partial correlation analyses between neurocognitive and distinct functional domains, controlling for subclinical depressive symptoms, indicated that neurocognitive performance was associated with some functional domains, mainly in both LF and MF groups. Concerning the LF group, the functional domains more associated with cognitive variables were the occupational, cognitive and leisure domains with moderate and large correlations (r ranging from 0.415 to 0.663): autonomy was associated with d' CPT-II; the occupational domain was associated with TMT-B and measures of CVLT; the cognitive domain associated with both TMT, all verbal memory measures (WMS-III and CVLT) and Animal Naming; interpersonal relationships with working memory index; and leisure time with working memory index and logical memory. The MF group stands out more associations of cognitive variables with the cognitive domain (WM index, WCST, and all verbal memory measures and some CPT-II attention measures); autonomy was associated with TMT-B; and interpersonal relationships with TMT-A and CVLT measures. All these mentioned correlations ranging from 0.281 to 0.448 (small and medium), being slightly smaller than the significant correlations in the LF group. Only a few significant moderate correlations (r from 0.346 to 0.411) were detected in the GF group: the reaction time in CPT-II was associated with occupational domain; CVLT was associated with the cognitive one; and interpersonal relationships with WM index and CPT-II reaction time.
Associations between clinical and functional domains in each cluster were evaluated by means of Pearson correlations. In the GF group only chronicity was associated with autonomy. With regard to the LF group, chronicity and total number of episodes were associated with both occupational and cognitive domains. Lastly, in the MF group there were several associations between HDRS scores and several functional domains (cognition, financial issues, interpersonal relationships and leisure time), and the number of total episodes was also associated with interpersonal relationships. All significant r ranged from 0.304 to 0.616, that is, medium and large, being slightly more robust in the LF group.
Discussion
To the best of our knowledge, this cross-sectional study was the first investigation carried out to identify different functional profiles among patients with BD based on levels of functioning across the distinct domains of the FAST scale, as well as to investigate whether sociodemographic, clinical and neurocognitive characteristics differentiated among the obtained profiles of functioning. Our findings indicate that patients with BD may be classified in three groups according to their functional profile, ranging from patients showing a completely good functional performance to patients with a severe impairment in multiple functional domains. Between both groups, there is another presenting with mild difficulties in autonomy, cognition, interpersonal relationships and financial issues but severe problems in the occupational domain. These data are consistent with other studies showing that around 60% of patients have functional difficulties (2, 16, 37) .
In regard to financial issues, although differences among groups were detected when comparing the GF group with the other two groups (MF and LF), the financial domain was the least affected domain across the groups. This may be due to the fact that financial problems and excessive spending mostly appear during (hypo)manic episodes and are not so common during euthymia. Leisure time was the most preserved domain among clusters, perhaps because it is another area that might also be highly influenced by mood state. In addition, taking into account that more than 65% patients from both MF and LF groups were unemployed, it may be argued that some of these subjects might spend more time doing exercise and dedicating to their hobbies as they have spare time to enact those activities which very likely had been recommended by their clinicians. Nonetheless, we cannot rule out that results in both leisure and financial domains may be related to the brief exploration that the FAST makes of these domains, as they only include two items, in contrast to most functional domains that use a range from four to six items. The factors that better differentiated clusters were employment status, residual symptoms and a few neurocognitive variables. Patients in the LF group were characterized by a high rate of unemployment, higher residual symptomatology and cognitive deficits, mainly lower processing speed and executive dysfunction. The intermediate cluster was also composed by a high percentage of unemployed patients and was characterized by an older age, and poorer performance on verbal fluency tasks (although it did not survive after adjustment for subsyndromal symptoms).
The progressive increase in residual symptomatology was directly related to functional impairment, with a gradient of severity, being the LF cluster more prone to present higher residual symptomatology. As it has been consistently reported in previous studies, our findings add more evidence about the important role of subclinical symptomatology, particularly depressive, in psychosocial functioning (16, (37) (38) (39) (40) (41) . Subclinical depressive symptoms may have a negative impact on multiple domains as duties at home/work/ school and relationships with family or friends (42) . In fact, when associations between clinical and individual functional domains were analysed within each cluster, significant associations were found between HDRS scores and most of the FAST functional domains, particularly, in the MF group. This highlights, again, the importance to implement therapeutic interventions aimed to reduce the subthreshold symptomatology and to improve the social support of patients with BD. Albeit being a potentially modifiable factor influencing functional outcome, there is still very few guidelines recommendations on its management as it supposes a complex therapeutic approach (39, 40) . Unexpectedly, the univariate analysis did not reveal significant differences among the three clusters regarding other clinical variables that are traditionally associated with functional impairment such as number/type of previous episodes, number of hospitalizations, longer duration of the illness and history of psychotic symptoms. Similar to our study, other authors have not found a relationship of functioning with illness duration, number of hospitalizations and psychotic symptoms (16, 41) . Instead, when correlations were run, we detected associations between illness duration and autonomy in the GF group as well as with occupational and cognitive functioning in the LF group. In this latter group, number of episodes was also associated with the same domains, while number of episodes was associated with interpersonal relationships in the MF group. To sum up, it seems that there is a group (MF) in which the subclinical depressive symptomatology could have a significant influence in most functional areas, while another group (LF) would be more functionally impaired due to the illness itself (chronicity and number of episodes). According to our data, the worst-performing functional group also seems to exhibit cognitive difficulties, indicating certain degree of congruence between objective measures of cognition and the FAST cognitive domain. Particularly, patients with the LF profile showed more cognitive deficits in processing speed, a cognitive domains that has been associated with psychosocial outcome in previous studies (43) (44) (45) (46) . Unexpectedly, we did not detect differences among groups concerning verbal memory, a cognitive variable that has been traditionally associated with functioning in patients with BD (47, 48) . Nonetheless, verbal memory measures were the most associated with the FAST occupational domain in the LF group, besides with the FAST cognitive domain in all functional groups. These results would be in line with those studies showing that the relationship cognitionfunctioning may be significantly weaker among patients without cognitive deficits than among those with cognitive impairment (49) . Moreover, the results obtained regarding cognitive differences among the three functional groups comport, at least partly, with those obtained in recent years by different authors using different cluster analysis approaches (11) (12) (13) . Processing speed and attention were two of the most affected domains in patients that also showed higher functional impairment in these studies. Therefore, these cognitive domains seem to be important for achieving a good functional outcome. Moreover, as a whole, cognitive variables could positively contribute more than other sociodemographic or clinical variables to occupational functioning (3). Most jobs require a degree of memory and attention, so, targeting these functions may benefit occupational performance. Nevertheless, it does not seem to be a simple and direct relation and other factors would be mediating this relationship (3) .
Employment has been identified as a crucial contributor for the wellbeing and quality of life for patients with BD (50, 51) . Patients belonging to both impaired groups (MF and LF), but more particularly the intermediate group, may benefit from work rehabilitation programmes focusing on the improvement of occupational skills giving them access to job opportunities. Patients in the LF cluster should also receive interventions promoting personal autonomy, self-care and interpersonal/social skills. Some evidence supports the feasibility of combining cognitive training together with specific vocational programmes in people with psychiatric illnesses with beneficial effects on both cognition and competitive employment (52, 53) . Functional remediation, an intervention designed to improve functional outcome by addressing neurocognitive issues in patients with BD, had a positive impact on occupational aspects (54, 55) . Interestingly, it is also an effective intervention for patients with residual symptomatology (56) . Along the same lines, a cognitive remediation programme was also effective over the occupational functioning of a small sample of employed patients with residual depressive symptoms (57) .
The present results must be interpreted in the light of some limitations. The cross-sectional design precludes establishing causal inferences between psychosocial functioning, cognition and clinical symptomatology. This design neither allows the assessment of the stability of the clusters, which makes necessary to conduct further prospective longitudinal studies, although the trajectory might be influenced by within-person instability (mood states) that characterizes bipolar illness. Second, we were unable to account for the effects of medication given that medication regimes vary widely and dosages were not controlled. Even so, differences concerning type of medications among the three groups were not detected. Third, despite the validity and reliability of the FAST, we cannot rule out a minimal subjective bias as an interviewer-administered tool. Also related to the FAST, and mentioned before, the unequal number of items may have influenced findings, showing the smallest effects in those domains that are based on fewer items (e.g. leisure and financial functioning). This may be addressed in future studies adding real-world outcomes to assess these domains, as good indicators of real-world functioning. Future studies should consider the combination of subjective and objective measures to capture a more comprehensive picture of the patient outcomes (58) . Moreover, the study of other characteristics that may be influencing functional outcomes such as premorbid social and academic adjustment (59, 60) , contextual factors and personality traits (61), social cognition (62, 63) and proxies of cognitive reserve (64) (65) (66) would be of interest.
Notwithstanding these limitations, this is the first investigation trying to identify specific profiles of functioning in a euthymic BD sample based specifically on scores of the different FAST domains, a widely used instrument in both clinical and research settings in the field of BD. Different functional profiles seem to be further associated with distinct patterns of clinical and neurocognitive variables, helping to have a better understanding about which factors may contribute to different levels of functional impairment. As it has previously been suggested (39, 67, 68) , one way forward to achieving optimal levels of functioning for bipolar patients would be minimizing the effects of residual symptoms and neurocognitive impairment as they may be two central factors contributing to functional impairment. Therefore, according to recent literature, individuals vary in both their cognitive and functional profiles, so cognitive and functional remediation as well as other psychosocial rehabilitation programmes should be tailored to this high variability or heterogeneity of functioning. Personalized approaches taking into consideration each cluster would contribute to set specific individual objectives and contents based on patient profiles facilitating the engagement, motivation and better outcomes. 
